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ABSTRACT 


A novel multiply crosslinked transition metal compound 
represented by the formula (I): 


(0 


MXqY r 


(A%^ 2 )J™(A")p 


wherein M is a metallic element of the Groups 3 to 10 or the 
lanthanide series of the Periodic Table; E 1 and E 2 are each 
a cr-bonding or ji-bonding ligand; X is a a-bonding ligand; 
Y is a Lewis base; A 1 , A 2 , . . . A" and D are each a 
crosslinking group, and at least one of A 1 , A 2 , ... A" 
comprises a crosslink consisting of carbon alone; n is 2 to 4; 
p is 1 to 4; q is 1 to 5 and equal to the valence of M minus 
2; r is 0 to 3; and s is 0 to 4, and a production process thereof. 
The transition metal compound is useful as a component of 
a polymerization catalyst for catalyzing the production of an 
olefin polymer having a uniform composition and a narrow 
molecular weight distribution in a high yield. 

12 Claims, No Drawings 
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130° C. Furthermore, a use ratio of the catalyst to the 
reaction material is such that the material monomerAhe 
above-mentioned component (A) (molar ratio) is preferably 
in the range of 1 to 10 s , more preferably 100 to Mr. 
Moreover, a polymerization time is usually in the range of 
5 5 minutes to 10 hours, and a reaction pressure is preferably 
in the range of from atmospheric pressure to 200 kg/cm G, 
more preferably from atmospheric pressure to 100 kg/cm G. 

The molecular weight of the polymer can be adjusted by 
selecting the kinds and the amounts of catalytic components 
10 and the polymerization temperature, and by carrying out the 
polymerization in the presence or absence of hydrogen. 

In the case that a polymerization solvent is employed, 
examples of the usable solvent include aromatic hydrocar- 
bons such as benzene, toluene, xylene and ethylbenzene, 

„„„ alicyclic hydrocarbons such as cyclopentane, cyclohexane 

another olefin and/or another monomer (i.e., the copolymer- 15 amJ me thylcyclohexane, aliphatic hydrocarbons such as 
izationof different kinds of olefins, the copolymerization of pentane, hexane, heptane and octane, and halogenated 
an olefin and another monomer, or the copolymer of differ- hydrocarbons such as chloroform and dichloromethane. 
ent kinds of olefins and another monomer) can be suitably These solvents may be used singly or in a combination of 
c arri ^ hy of the above-mentioned catalyst for two or mor e thereof. In addition, a monomer such as an 


deteriorates on occasion, and it is more than 1000 m 2 /g, the 
bulk density of the polymer deteriorates sometimes. 
Furthermore, in the catalyst of the present invention, the 
amount of the transition metal in 100 g of the carrier is 
usually in the range of 0.05 to 10 g, preferably 0.1 to 2 g. If 
the amount of the transition metal deviates from the above- 
mentioned range, the activity deteriorates on occasion. 

This technique of supporting the components on the 
carrier enables the formation of the industrially advanta- 
geous polymer having the high bulk density and an excellent 
particle diameter distribution. 

According to the preparation method of the olefin poly- 
mer regarding the present invention, the bomopolymeriza- 
tion of an olefin or the copolymerization of an olefin and 


olymerization. 


JIe~nns having 2 to 20 carbon atoms are preferabl| 
^Examples of the a-olefins include ethylene, propyle 
, 1-butene, 3-methyl-l-butene, 1-pentene, 1-hexen 
4-methyl-l-pentene, 1-octene, 1-decene, 1-dodecene, 
1-tetradecene, 1-hexadecene, 1-octadecene, 1-eicosene 
styrene, p-methylstyrene, isopropylstyrene an 
t-butylstyrene. The above-mentioned other olefin can a] 
suitably b&^fij^^^BHt ^^^^^^^^^pj^^ 

^ JSTmventioi^^ 30 

p-wr singly or in a combination of two or more thereof. 
In the case that two or more olefins are copolymerized, these 
olefins can optionally be combined. At this time, for 
example, when propylene is copolymerized with ethylene or 


l WVI \Jl UWIV mvivvi. — ^ 

20 a-olefin may be used as the solvent. In a certain polymer- 
i ization method, the polymerization can be carried out in the 
absence of any solvent. 

No particular restriction is put on the molecular weight of 
the polymer which can be obtained by such a process, but its 
intrinsic viscosity [tj] (measured in decalin at 135° C) is 
preferably 0.1 dl/g or more, more preferably 0.2 dl/g or 
more. If the intrinsic viscosity is less than 0.1 dl/g, sufficient 
mechanical properties cannot be obtained, and hence the 
polymer having such a low intrinsic viscosity is not practi- 
cal. 

In the present invention, prepolymerization can be carried 
out by the use of the above-mentioned catalyst for polymer- 
ization. The prepolymerization can be accomplished by 
bringing a small amount of an olefin into contact with the 
solid catalytic component, but its procedure is not particu- 


cA«nu|ii & , «<uw U V ™ VJ ~~ r -v -< larly limited and a known method can be used. No particular 

ethylene is copolymerized with an a-olefin having 3 to 10 35 restr iction is put on the olefin for use in the 

i„«^w; rt n r a ti« 'molar ratirA of prepolymerization, and such olefins as mentioned above, for 

example, ethylene, a-olefins having 3 to 20 carbon atoms 
and mixtures thereof are usable, but it is advantageous to 
employ the same olefin as used in the polymerization. 

A prepolymerization temperature is usually in the range of 
-20 to 200° C, preferably -10 to 130° C, more preferably 
0 to 80° C. In the prepolymerization, an inactive 
hydrocarbon, an aliphatic hydrocarbon, an aromatic hydro- 
carbon or a monomer can be used as the solvent. Above all, 


carbon atoms, a copolymerization ratio (molar ratio) of 
propylene and ethylene, or ethylene and the a-olefin having 
3 to 10 carbon atoms is usually selected in the range of 
99.9:0.1 to 0.1 to 99.9, preferably 99.5:0.5 to 75.0:25.0. 

In the present invention, the above-mentioned olefin may 40 
be copolymerized with another monomer, and examples of 
the other monomer which can be used at this time include 
chain diolefins such as butadiene, isoprene and 1,5- 

hexadiene, cyclic olefins such as norbornene, 1,4,5,8- ~~~~ — \ . . . , * . < 

dimethaD0l-1 23 4 4a,5,8,8a-octahydronaphthalene and 45 the aliphatic hydrocarbon is particularly preferable The 

such as norbornadiene, prepolymerization may be earned out in the absence of any 

5-ethy lidenenorbornene »/- vin y ln h or ^X? fl lv^ prepolymerization, conditions are desirably regu- 

dicyclopentadiene, unsaturated esters such as ethyl acrylate t f at ?he intrinsic viscosity [n] (^^S^feteggn 

and methyl methacrylate, lactones such as P-propiolactone, ) of a p rcpo i ym erized product may be 0.2 dl/g or 

P-butyrolactone and Y-butyrolactone, lactams such as 50 m0 ef ; ra5 i y a5 dl/g or more and so that the amount of 

c-caprolactam and 6-valerolactam, and epoxides such as { ^ prepolymerized product per mmol of the transition metal 

epoxypropane and 1,2-epoxybutane. component in the catalyst may be in the range of 1 to 10,000 

Incidentally, the catalyst for polymerization of the present & preferably 10 to 1,000 g. 

invention can be used not only for the polymerization of the Thus, an olefin polymer of the present invention having a 

above-mentioned olefin but also for the polymerization of a 55 um f orm composition and a narrow molecular weight distri- 

monomer other than the olefin. bution can efficiently be obtained. 

In the present invention, no particular restriction is put on Next, the present invention will be described in more 

a polymerization method, and any of a slurry polymerization detail with reference to examples, but the scope of the 

method, a gaseous phase polymerization method, a bulk present invention should not be limited at all by these 

polymerization method, a solution polymerization method 60 examples. 


and a suspension polymerization method can be used, but 
the slurry polymerization method and the gaseous phase 
polymerization method are preferable from the viewpoints 
of a high productivity and less process steps. 

With regard to the conditions of the polymerization, a 65 
polymerization temperature is usually in the range of -100 
to 250° C, preferably -50 to 200° C, more preferably 0 to 


REFERENCE PREPARATION EXAMPLE 1 

Preparation of (l,l t -dimetbylsilyleneX2,2 , - 
dimemylsilylene)-bis(cyclopenUdienyl)zirconium 
dichloride (A-2) 
2.4 g (9.6 mmol) of (l,l , -dimethylsilylene)(2,2 , - 
dimethylsilylene)-bis(cyclopentadiene) was dissolved in 50 
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ence Preparation Example 1. The results are shown in Table MAO: Methylaluminoxane 
1. 


TABLE 1-2 


TABLE 1-1 


Catalyst 


Polymer 


Main 
Catalyst 


Cocatalyst 


Kind 


Yield 
(8) 


Example 2 

Example 3 

Example 4 

Example 5 
Ref. Ex. 1 

Ref. Ex. 2 

Ret Ex. 3 


A-l 

A-l 

A-l 

A-l 
A-2 

A-2 

A-2 


Ref. Ex. 4 


A-2 


TTBA 
B-l 
MAO 

TTBA 

B-l 
MAO 
TTBA 

B-l 
MAO 

TIBA 
— B-l — 
MAO 


Ethylene-l-octene 
Copolymer 

Elbylene-l-octene 
Copolymer 
Polyethylene 

Polyethylene 
Ethylene-l-octene 

Copolymer 
Ethylene-l-octene 
Copolymer 
Polyethylene 


45.7 

35.1 

37.4 

30.9 
29.5 

273 

35.0 


10 


15 


Example 2 
Example 3 
Example 4 
Example 5 
Ref. Ex.1 
Ref. Ex.2 
Ref. Ex.3 
Ref. Ex.4 


Intrinsic* 
Viscosity 

In] 

(dl/g) 

Melting Point" 
CQ 

1-octene 
Unit Content 
(mol%) 

Melting 
Energy" 
AH (J/g) 

0.92 

108.7 

5.8 

22 

0.49 

109.8 

7.3 

13 

2.37 

133.5 


200 

1.87 

135.8 


257 

0.80 

115.6 

4.0 

92 

0.87 

115.5 

3.9 

58 

2,82 

135.0 


200 

3.51 

133.5 


200 


•*The me] 


. „; melting point was determined on the basis of the results of second 
heat at a heating rate of 10° O/min by the use of DSC 


Polyethylene 


25.6 


Notes 


20 
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A-l: (l.l'-dimethylsilylene) (2,2 t -isopropylidene)-bis 
(cyclopentadienyl )zirconium dicbloride 30 


As understood from Table 1, in the case that (1,1*- 
dimethylsilylene)(2,2 , -isopropylidene)-bis 
(cyclopentadienyl)zirconium dicbloride is used as a main 
catalytic component, the copolymerizability of ethylene-l- 
octene copolymerization is better than in the case that 
(l,l , -dimethylsilylene)(2,2 , -dimethylsilylene)-bis 
(cyclopentadienyl)zirconium dicbloride is used. 

EXAMPLE 6 


7i0 2 



35 


40 


45 


A-2: (1,1'dimethylsilylene) (2,2 , -dimethylsilylene)-bis 
(cyclopentadienyl)zirconium dichloride 


Zra 2 



TIBA Triisobutylaluminum 

B-l: N t N'-dimethylanilinium tetrakis (pentafluorophenyl) 
borate 


Preparation of (lA'-a^ethylsilyleneHZ^'- 
isopropylidene)-bis(cyclopentadienyl)titanium 
dichloride (A-3) 

2.3 g (10 mmol) of (l,l , -dimethylsilylene)(2,2 t - 
isopropylidene)-bis(cyclopentadiene) was dissolved in 100 
ml of hexane, and 20 mmol of n-butyllitbium was added 
dropwise at -78° C. to the solution, followed by stirring at 
room temperature for 12 hours. Next, the solvent was 
distilled off, and the resultant residue was washed with 50 ml 
of hexane, and then dried under reduced pressure to obtain 
a white solid. Afterward, this solid was suspended in 50 ml 
of tetrahydrofuran, and a tetrahydrofuran solution contain- 
ing 3.7 g (10 mmol) of a titanium trichloride-three tetrahy- 
drofuran complex was added at -78° C. to the suspension. 
Next, the temperature of the solution was gradually returned 
to room temperature, followed by stirring for 12 hours. 
Afterward, 4.3 g (30 mmol) of silver chloride was added to 
this suspension, and the mixture was then stirred at room 
temperature for 2 days. The solvent was distilled off, and 
recrystallization was then carried out from ether to obtain 
0.2 g of (l,l , -dimethylsilylene)(2,2*-isopropylidene)-bis 
(cyclopentadienyl)titanium dichloride in the state of a red 
powder. 

The *H-NMR of this product was measured, and the 
following results were obtained. 

1H-NMR (90 MHz, CDC1 3 ): 50.43 [3H, s, (Qfe^Si], 
1.02 [3H, s, (CH^Si], 1.36 (3H, s, (GH^Q, 2.18 (3H, s, 
(CHa^C), 6.3-7.1 (6H, m, — CH— ). 

In addition, some peaks attributed to impurities were 
60 slightly observed. 

EXAMPLE 7 

In a 1-liter autoclave heated and dried under reduced 
pressure were placed 360 ml of toluene, 40 ml of 1-octene 
65 and 1 mmol of triisobutylaluminum (TIBA) at room tem- 
perature under a nitrogen atmosphere, and the temperature 
of the solution was then raised up to 60° C. with stirring. 


50 
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Afterward, 1 /«nol of (l,l , -dimethylsilylene)(2,2 , - 
isopropylidene)-bis(cyclopentadienyl)titanium dichloride 
obtained in Example 6 and 1 ftmol of N,N'- 
dimethylanilinium tetrakisl[pentafluorophenyl)borate were 
placed in the autoclave at 60° C, and the mixture was then 
heated up to 80° C. Next, while ethylene was continuously 
introduced into the autoclave at 80° G so as to maintain 8 
a tin, polymerization was carried out for 1 hour. 


30 


TABLE 2-2 


Polymer 


Intrinsic* 
Viscosity 

w 

(dl/g) 


Melting 
Point* • 


1-octene 

Unit 
Content 
(mol%) 


Catalytic Melting 
Activity Energy* * 
(IcgfeTlhr) AH(J/g) 


, » „ Ex&mple 7 

After the completion of the reaction, the resultant reaction 10 Examples 

- - - * - - Example 9 

Example 10 


product was poured into a methanol-hydrochloric acid solu- 
tion, and then sufficiently stirred, followed by filtration. 
Next, the collected product was sufficiently washed with 
methanol, and then dried to obtain a polymer. The results are 
shown in Table 2. 

EXAMPLE 8 


2.00 
2.96 
7.38 


None 
None 
135 
134 


10.4 
9.8 


IS 
40 
265 
186 


10.0 
11.3 

144 

126 


l *The melting point was determined on the basis of the results of second 
1S heat at a heating rate of 10* 0/min by the use of DSC 

EXAMPLE 11 


Preparation of (l.r-dimethylsilylene)-^- 
isopropylidene)-bis(cyclopemadieuyl)iitaulmii 


The same procedure as in Example 7 was repeated except 
that 1 mmol of TIB A was replaced with 6 mmol of methy- 
laluminoxane and N,N'-dimethylanilinium tetrakis 
(pentafluorophenyl)borate was not used. The results are 
shown in Table 2. 

EXAMPLE 9 

The same procedure as in Example 7 was repeated except 
that 40 ml of 1-octene was not used. The results are shown 
in Table 2. 

EXAMPLE 10 

The same procedure as in Example 8 was repeated except 
that 40 ml of 1-octene was not used. The results are shown 
in Table 2. 

TABLE 2-1 


20 



Catalvst 


Polvmer 


Main 
Catalyst 

Cocatalyst 

Kind 

Yield 
(g) 

Example 7 

A-3 

TIBA 

Etbylene-l-octene 

0.85 


B-l 

Copolymer 


Example 8 

A-3 

MAO 

Ethylene-l-octene 

1.90 



Copolymer 

1X7 

Example 9 

A-3 

TIBA 

Polyethylene 


B-l 



Example 10 

A-3 

MAO 

Polyethylene 

8.90 


A-3: (l.l'-dimethylsilyleneJCW-isopropylidene^bis 
(cyclopentadienyl)titanium dichloride 

jp 2 


Mt Me \ 



dichloride (A-4) 

5.57 g (24.2 mmol) of (l.l'-dimethylsilylene)^'- 
isopropylidene)-bis(cyclopentadiene) was dissolved in 100 
ml of THF (tetrahydrofuran), and 48.8 mmol of 
25 n-butyllithium was added dropwise at -78° C. to the 
solution, followed by stirring at room temperature for 8 
hours. Next, the solvent was distilled off, and the resultant 
residue was washed with 100 ml of hexane and next 100 ml 
of THF, and then dried under reduced pressure to obtain 1.00 
30 g (4.16 mmol) of a white solid of a lithium salt. Afterward, 
this solid was suspended in 50 ml of tetrahydrofuran, and a 
tetrahydrofuran solution (60 ml) containing 1.54 g (4.16 
mmol) of a titanium trichloride-three tetrahydrofuran com- 
plex was added at room temperature to the suspension, 
35 followed by stirring for 12 hours. Next, 11.08 g (77 mmol) 
of silver chloride was added to this suspension, and the 
mixture was then stirred at room temperature for 3 hours. 
The solvent was distilled off, and extraction with ether, the 
removal of ether by distillation and washing with hexane 
40 were done in turn to obtain 35 mg of (l,l'-dimetbylsilylene) 
(2,2'-isopropylidene)-bis(cyclopentadienyl)-titanium 
dichloride in the state of a red powder. 

The 1 H-NMR of this product was measured, and the 
following results were obtained. 

1 H-NMR (90 MHz, CDCI3): 50.43 [3H, s, (CHa^Si], 1.02 
[3H, s, (CH^Si], 1.36 (3H, s, (CH^C), 2.18 (3H, s, (C 
H^Q. 6.3-7.1 (6H, m, — CH— ). 

EXAMPLE 12 
In a 1-liter autoclave heated and dried under reduced 
pressure were placed 360 ml of toluene, 40 ml of 1-octene 
and 1 mol of triisobutylaluminum (TIBA) at room tempera- 
ture under a nitrogen atmosphere, and the temperature of the 
solution was then raised up to 60° C. with stirring. 
Afterward, 1 fimoi of (l,r-dimethylsilylene)(2,2*- 
isopropylidene)-bis(cyclopentadienyl)titanium dichloride 
obtained in Example 11 and 1 jumol of N,N'- 
dimethylanilinium tetrakis(pentafluorophenyl)borate were 
placed in the autoclave at 60° C, and the mixture was then 
heated up to 80° C. Next, while ethylene was continuously 
introduced into the autoclave at 80° C. so as to maintain 8 
atm, polymerization was carried out for 1 hour. 

After the completion of the reaction, the resultant reaction 
product was poured into a methanol-hydrochloric acid 
solution, and then sufficiently stirred, followed by filtration. 
Next, the collected product was sufficiently washed with 
methanol, and then dried to obtain a polymer. 
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The olefin polymer composition according to the invention 
comprises [I] an (a-olefin/polyene copolymer-containing 
polymer in an amount of 0.005 to 99 by weight, said 
a-olefin/polyene copolymer-containing polymer comprising 
(i) an a-olefin/polyene copolymer and (ii) a polyethylene, 
and pi] a polyethylene in an amount of 1 to 99.995 % by 
weight The olefin polymer composition comprising the 
a-olefin/polyene copolymer-containing polymer [I] and the 
olefin polymer [II] has a high melt tension and an excellent 
moldability in an inflation molding, and further it can be 
molded into a large sized container, etc. by means of a blow 
molding or the like. 

16 Claims, 1 Drawing Sheet 
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OLEFIN POLYMER COMPOSITION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of application 
Set No. 08/081,706, filed Jun. 25, 1993, now abandoned; 
which, in turn, is a continuation-in-part of co-pending appli- 
cation Ser. No. 07/929,518, filed Aug. 14, 1992, now aban- 
doned. 10 

HELD OF THE INVENTION 

The present invention relates to an olefin polymer com- 
position, and more particularly to an olefin polymer com- 
position comprising an a-olefin/polyene copolymer-con- 15 
taming polymer and having a high melt tension. 

BACKGROUND OF THE INVENTION 


2 


Olefin polymers such as high-density polyethylene, linear 2 o 
low-density polyethylene, polypropylene are excellent in not 
only transparency but also mechanical strength such as 
rigidity and impact strength, and have been conventionally 
molded into films by means of inflation molding, injection 
molding, extrusion molding, etc. 25 

Such olefin polymers as mentioned above generally are 
low in the melt tension (MT), so that they are difficultly 
molded into large capacity containers (e.g„ bottles) for 
example by a blow molding or difficultly molded into liners 
of electrical appliances for example by a vacuum molding. 30 
By those restrictions in the molding processes, the resulting 
molded products are also restricted. That is, the use appli- 
cations of the olefin polymers are restricted in spite that they 
have various excellent properties. 

Further, as for polypropylene, there are such problems 35 
that a phenomenon of drawdown occurs and molding con- 
ditions are restricted when propylene is molded into a film 
by an inflation molding, because of its low melt tension. For 
coping with those problems, a method of adding a high- 
pressure low-density polyethylene or the like to polypropy- <o 
lene is carried out in the conventional inflation molding 
process to increase the melt tension thereby to stabilize 
bubbles. However, this method sometimes induces decrease 
of the film strength and decrease of a film transparency. 

Accordingly, if olefin polymers (e.g., polypropylene) hav- 45 
ing a high melt tension are developed, it becomes possible 
to form large capacity containers such as bottles by a blow . 
molding and to form liners of electrical appliances by a 
vacuum molding from those polymers, and hence the use 5Q 
applications of the olefin polymers can be much more 
extended. 

Further, when the olefin polymers having a high melt 
tension are molded into films by means of an inflation 
molding, the bubbles can be stabilized and the molding 5J 
speed can be made higher. 

For these reasons, an advent of olefin polymers such as 
polypropylene, high-density polyethylene and linear low- 
density polyethylene having high , melt tension has been 
eagerly desired. 60 

The present inventors have studied on the olefin polymers 
of high melt tension to comply with the above-mentioned 
requirements, and as a result, they have found that an 
a-olefin/polyene copolymer-containing polymer of high 
melt tension can be obtained by a process of copolymerizing 65 
an ct-olefin and a polyene to a catalyst for olefin polymer- 
ization which comprises a transition metal compound cata- 


lyst component and an organometallic compound catalyst 
component, and then polymerizing olefin to the resulting 
product The present inventors have further studied earnestly 
based on this finding, and they have found that an olefin 
polymer composition comprising an a-olefin/polyene 
corwlymer-cOTtairung polymer and a conventionally known 
olefin polymer, said a-olefin/polyene copolymer-containing 
polymer being obtained by copolymerizing an a-olefin and 
a polyene in the presence of a catalyst for olefin polymer- 
ization and then polymerizing olefin to the resulting product 
as mentioned above, shows a high melt tension and a high 
moldability in the molding procedure such as an inflation 
molding, and can be molded even by an inflation molding, 
etc. Thus, the present invention has been accomplished. 

OBJECT OF THE INVENTION 

The object of the present invention is to provide an olefin 
polymer compositi o n which shows a high moldability wherr 


it is molded into for example a film and has a high melt 
tension so that it can be molded into a large capacity 
container by mean of a blow molding, although such mold- 
ing is hardly applicable conventionally. 

SUMMARY OF THE INVENTION 

There is provided by the present invention an olefin 
polymer composition comprising: 

[I] an a-olefin/polyene copolymer-containing polymer in 
an amount of 0.005 to 99% by weight, said a-olefin/ 
polyene copolymer-containing polymer comprising: 

(i) an a-olefin/polyene copolymer, and 

(ii) an olefin polymer; and 

[II] an. olefin polymer in an amount of 1 to 99.995% by 
weight 

wherein the polyene has 7 or more carbon atoms and 
having an olefinic double bond at both terminals, and 
the a-olefin/polyene copolymer contains constituent 
units derived from the a-olefin in an amount of 99.999 
to 70 mol% and contains constituent units derived from 
the polyene in an amount of 0.001 to 30 mol%, 
the olefin polymer (ii) is a polymer of ethylene, 
the a-olefin/polyene copolymer-containing polymer [I] 
contains the a-olefin/polyene copolymer (i) in an 
amount of 0.001 to 99% by weight and contains the 
olefin polymer (ii) in an amount of 99.999 to 1% by 
weight, and 

the olefin polymer pi] is a polymer of ehtylene. 

The a-olefin/polyene copolymer-containing polymer \T\ 
can be prepared by polymerizing or copolymerizing olefin to 
a prepolymerized catalyst so as to form the olefin polymer 
(ii), said prepolymerized catalyst comprising the a-olefin/ 
polyene copolymer (i) obtained by copolymerizing an a-ole- 
fin and a polyene to a catalyst component which comprises: 

[A] a transition metal compound catalyst component, and 

[B] an organometallic compound catalyst component con- 
taining a metal selected from metals in Group I to 
Group m of the periodic table, 

in the total amounts of the a-olefin and the polyene 
compound of 0.01 to 2,000 g per 1 g of the transition 
metal compound catalyst component [A]. 
Such olefin polymer composition comprising the a-ole- 
fin/polyene copolymer-containing polymer [I] and the olefin 
polymer [IT) as mentioned above has a high melt tension and 
a high moldability in the inflation molding procedure and 
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can be molded into a large capacity container or the like by 
means of a blow molding, etc. 

BRIEF DESCRIPTION OF THE DRAWING 

5 

FIG. 1 is a view illustrating steps of a process for 
preparing an a-olefin/polyene copolymer-containing poly- 
mer P) used in the invention. . 

DETAILED DESCRIPTION OF THE 10 
INVENTION 

The olefin polymer composition according to the present 
invention is described in detail hereinafter. 

The term polymerization" used in the invention some- 
times means not only "homopolymerization" but also "copo- 
lymerization", and the term "polymer" used in the invention 
sometimes means not only "homopolymer" but also 
"copolymer". 

The olefin polymer composition according to the inven- 
tion comprises: 

[I] an a-olefin/polyene copolymer-containing polymer, 
and 

[II] an olefin polymer. 

In FIG. 1, the steps of a process for preparing the 
a-olefin/polyene copolymer-containing polymer P] used in 
the invention are illustrated. 

At first, the a-olefin/polyene copolymer-containing poly- 
mer [I] used in the invention is described. 

The a-olefin/polyene copolymer-containing polymer p] 
used in the invention comprises: 

(i) an a-olefin/polyene copolymer, and 

(ii) an olefin polymer. 

Such a-olefin/polyene copolymer-containing polymer P] 35 
can be obtained by, for example, polymerizing or copoly- 
merizing olefin to a prepolymerized catalyst so as to form an 
olefin polymer (ii), said prepolymerized catalyst comprising 
the a-olefin/polyene copolymer (i) which is obtained by 
copolymerizing an a-olefin and a polyene compound to a 40 
catalyst component comprising [A] a transition metal com- 
pound catalyst component and [B] an organometallic com- 
pound catalyst component 

The a-olefin and the polyene compound used for prepar- 
ing the a-olefin/polyene copolymer (ii) will be described 45 
below. 
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The a-olefin used herein may be the same or different 
from an a-olefin which is used for preparing the olefin 55 
polymer (ii) described later. 

Among the above-exemplified a-olefins, preferably used 
are ethylene, propylene, 1 -butene, 4-methyl-l-pentene, 
3-methyM-butene and 1-eicosene. 
Concrete examples of the polyene compounds include: eo 
aliphatic polyene compounds such as 4-methyI-l,4-hexa- 
diene, 5-methyl-l,4-hexadiene, 6-methyl-l,6-octadi- 
ene, 7-methyl-l,6-octadiene, 6-ethyI-l,6-octadiene, 
6-propyl-l,6-octadiene, 6-butyl-l,6-octadiene, 6-me- 
thyl-l,6-nonadiene, 7-methyI-l,6-nonadiene, 6-ethyl- 65 
1,6-nonadiene, 7-ethyl-l,6-nonadiene, 6-methyl-l,6- 
decadiene, 7-methyl-l,6-decadiene, 6-methyl-l,6- 



undecadiene, 1,4-hexadiene, 1,5-hexadiene, 1,6- 
heptadiene, 1,6-octadiene, 1,7-octadieme, 1,8- 
nonadiene, 1,9-decadiene, l,13tetradecadiexie, 1,5,9- 
decatriene butadiene and isoprene; 
vinylcyclohexene, vinylnorbornene, ethylidenenor- 
bomene, dicyclopentadiene, cyclooctadiene, 2£-nor* 
bomadiene; 

alicyclic polyene compounds such as 1,4-divinylcyclo- 
hexane, 13-divinylcyclohexane, 1 ,3-di vinyl cyclopen- 
tane, 1^-divinylcyclooctane, l-aUyl-4-vinylcyclohex- 
ane, 1,4-diallylcyclohexane, l-allyl-5- 

vinylcyclooctane, 1^-oUallylcyclooctane, l-allyl-4- 
isopropenylcyclohexane, l-isopropenyl-4- 
vinylcyclohexane and l-isopropenyl-3- 
vinylcyclopentane; and 
aromatic polyene compounds such as divinylbenzene and 

vinylisopropenylbenzene. 
They are used singly or in combination. 
Among the above-mentioned polyene compounds, pref- 
erably used in the invention are polyene compounds having 
7 or more carbon atoms and having an olefinic double bond 
at the both terminals, and more preferably used are aliphatic 
or alicyclic polyene compounds having an olefinic double 
bond at the both terminals. 

Concrete examples of such preferable polyene com- 
pounds include 1,6-heptadiene, 1,7-octadiene, 1,9-decadi- 
ene, 1,13-tetradecadiene, 1,5,9-decatriene, 1,4-divinylcyclo- 
hexane, 1,3-divinylcyclopentane, 1 ^-di vinylcy clooctane, 
l-allyl-4-vinylcyclohexane, 1,4-diallylcyclohexaneand 1,3, 
4-trivinylcyclohexane. 

Of these, preferred are aliphatic polyene compounds 
having 8 or more carbon atoms, preferably IO or more 
carbon atoms, and particularly preferred are straight-chain 
aliphatic polyene compounds having 10 or more carbon 
atoms. 

In the present invention, the a-olefin/polyene copolymer 
(i) is preferably a high-molecular-weight copolymer. The 
melt flow rate of the a-olefin/polyene copolymer (i) is 
preferably 0.1 dg/mia or less, more preferably 0.O1 dg/min. 
or less. 

In the preparation of the a-olefin/polyene copolymer (i), 
the a-olefin and the polyene compound are preferably 
copolymerized in the following combinations: 

ethylene/1 ,7-octadiene, emylenc/l,9-decadiene 0 ethylene/ 
1,13-tetradecadiene, ethylene/l^,9-decatriene, 
propylene/l,7-octadiene, propylene/1 ,9-decadiene, pro- 
pylene/ 1 , 1 3-tetradecadiene, propylene/1 J5 ,9-decatri- 
ene, butene/ 1,9-decadiene, butene/l,5,9-decatriene, 
4-memyl-l-pentene/l^-decadiene, 3-methyl- 1 -butene/ 
1,9-decadiene, 1-eicosene/l ,9-decadiene, propylene/1, 
4-divinylcyclohexane, and butene/l,4-divinylcyclo- 
hexane. 

The a-olefin/polyene copolymer (i) is desired to contain 
constituent units derived from the a-olefin in an amount of 
generally 99.999 to 50% by mol, preferably 99.999 to 70% 
by mol, more preferably 99.995 to 75% by mol, much more 
preferably 99.99 to 80% by mol, most preferably 99.95 to 
85% by mol, and to contain constituent units derived from 
the polyene compound in an amount of generally 0.001 to 
50% by mol, preferably 0.001 to 30% by mol, snore pref- 
erably 0.005 to 25% by mol, much more preferably 0.01 to . 
20% by mol, most preferably 0.05 to 15% by mol. 

Further, the a-olefin/polyene copolymer (i) may also 
contain constituent units derived from other olefins 
described later in such an amount that the objects of the 
invention are not marred. In this case, the constituent units 
derived from other olefins are contained in the a-olefin/ 
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polyene copolymer (i) in an amount of generally less than 
30% by mol, preferably not more than 20% by mol,. more 
preferably not more than 15% by mol.' 

Tne composition ratio in the above-mentioned a-olefin/ 
polyene copolymer can be determined by measuring the 
amounts of the ct-olefin and the polyene compound con- 
sumed in the prepolymerization reaction. Concretely, the 
constituent units [P] (% by mol) can be calculated as 
follows. 
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[PKfc by mol) = a/>ol-[JV])+Uad-[a,D 

In the above formula, each symbols have the following 
meanings. . 

[P J: number of moles of the polyene compound fed in the 

prepolymerization 
[PJ: number of moles of the unreacted polyene compound 
[ccj: number of moles of the a-olefin fed in the prepo- 
lymerization 
[ccj: number of the unreacted a-olefin 
[aj and [P r ] in the above formula can be tetennined by 
measuring the unreacted a-olefin and the unreacted 
polyene compound both remaining in the polymerizer 
by means of gas chromatography, etc. 
Examples of the olefins used for preparing the olefin 
polymer (ii) for forming the a-olefin/polyene copolymer- 
containing polymer [I] are the aforementioned a-olefins of 
2 to 20 carbon atoms, preferably ethylene. 
Also employable are: 
aromatic vinyl compounds such as styrene, substituted 
styrenes (e.g., dimethyl styrene), allylbenzene, substi- 
tuted allylbenzenes (e.g. ( allyltoluene), vinylnaphtha- 
lene, substituted vinylnaphtalenes, allylnaphthalene 35 
and substituted allylnaphthalenes; 
alicyclic vinyl compounds such as vinylcyclohexane, 
substituted vinylcyclohexanes, vinylcyclopentane, sub- 
stituted vinylcyclopentanes, vinylcycloheptane, substi- 
tuted vinylcycloheptanes and afiylnorbomane; ^ 
cyclic olefins such as cyclopentene, cycloheptene, nor- 
bornene, 5-methyl-2-norbornene, tetracyclododecene 
and 2-memyl-l,4^ ( 8-olmethano-lA3,4 l 4a4,8,8a-oc- 
tahydronaphthalene; 
silane type unsaturated compounds such as allyltrimeth- 45 
ylsilane, aUyltriethylsilane, 4-trimethylsilyl-l-butene, 
6-trimethylsilyl-l-hexene, 8-trimethylsilyl-l-octene 
and lO-trimethylsilyl-l-decene; and 
the aforementioned polyene compounds. 
They can be employed singly or in combination. 50 
Of these, preferably used is ethylene. 
The a-olefin/polyene copolymer-containing polymer [I] 
contains the a-olefin/polymer copolymer (i) in an amount of 
0.001 to 99% by weight, preferably 0.005 to 90% by weight, 
more preferably 0.01 to 88% by weight, and contains the 55 
olefin polymer (ii) in an amount of 99.999 to 1% by weight, 
preferably 99.995 to 10% by weight, more preferably 99.99 
to 12% by weight 

Among such olefin polymers according to the invention, 
particularly preferred is an olefin polymer containing the 60 
a-olefin/polyene copolymer (i) in an amount of 0.001 to 
15% by weight, especially 0,008 to 10% by weight and the 
olefin polymer (ii) in an amount of 99.999 to 85% by weight, 
especially 99.992 to 90% by weight. 

Tne melt flow rate (MFR) of the olefin polymer according 65 
to the invention, as measured in accordance with ASTM 
D1238 (polyethylene: 190° C, 2.16 kg), is not more than 


5000 g/10 min., preferably in the range of 0.01 to 3000 g/10 
min., more preferably 0.02 to 2000 g/10 min., most prefer- 
ably 0.05 to 1000 g/10 min. 

Such a-olefin/polyene copolymer-cmtaining polymer [I] 
has a high melt tension (MT). 

In the a-olefin/polyene copolymer-containing polymer [I] 
used in the invention, the melt tension (MT) and the melt 
flow rate (MFR) satisfy the following relation. 

For example, if the a-olefin/polyene copolymer (i) and 
the olefin polymer (ii) both constituting the a-olefin/polyene 
copolymer-containing polymer [I] are an ethylene/polyene 
copolymer and propylene homopolymer, respectively, the 
melt Lens ion and the melt flow rate in this a-olefin/polyene 
copolymer-containing polymer [I] satisfy the following rela- 
tion: 

generally, log[MT] *-0.81og[MFR] -fO.3; 

preferably, log [MT] l-0.81og[MFR] +0.5; 

more preferably, log [MT1 £-0.81og[MFR] +0.7; 

most preferably, log [MT] £-0.81og[MFR] +0.8. 

Further when the olefin polymer (ii) is propylene random 
polymer the melt tension and the melt flow rate in this 
a-olefin/polyene copolymer-containing polymer [I] satisfy 
the above-mentioned relation. 

If the a-olefin/polyene copolymer (i) is a copolymer of 
a-olefin having 3 or more carbon atoms and polyene and the 
olefin polymer (ii) is polypropylene in the a-olefin/polyene 
copolymer-containing polymer [I], the melt tension and the 
melt flow rate in this a-olefin/polyene copolymer-containing 
polymer [I] satisfy the following relation: 

generally, log[MTl a-0.81og[MFR] +0.30; 

preferably, log[MTl £-0.81og[MFR] +0.35; 

more preferably, log[MT| >-0.81og[MFR] +O.40. 

By the way when a melt tension of the olefin polymer (ii) 
is represented as [MTJ, a melt tension of the a-olefin/ 
polyene copolymer-containing polymer is represented as 
[MT] and a weight percentage of the a-olefin/polyene 
copolymer (i) in the a-olefin/polyene copolymer-contaming 
polymer is represented as [C], these [MTJ, [MT] and [C] 
satisfy the following relation: 


iog[q + U5 


im > 1 

preferably 

w 8 -nr tog|C1+1 - 50 

more preferably 


WW 

most preferably 
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s4- logic] + zoo 


Furthermore, when the a-olefin/polyene copolymer-con- 
taining polymer P] is composed of the ethylene/polyene 
copolymer (i) and polyethylene (ii) as described above and 
has a density of about 0.92 g/cm 3 and MFR of 1 g/10 min., 
the melt tension of this a-olefin/polyene copolymer-contain- 
ing polymer is not less than 2,5 g, preferably not less than 
3.5 g, more preferably not less than 4.0 g, much more 
preferably riot less than 4.5 g, most preferably not less than 
5.0 g. 


o 


5,478,890 


10 


15 


25 


30 


tQjr]jpj^ffi£^^ is in the 

range of 0.05 to 20 dl/g, preferably 0.1 to 15 dl/g, more 
preferably 0.2 to 13 dl/g. 

In the olefin polymer of the invention, the melt tension 
(MT) and an intrinsic viscosity [nj also satisfy the following 
relation. 

For example, if the a-olefin/polyene copolymer (i) and 
the olefin polymer (ii) both constituting the olefin polymer 
of the invention are an ethylene/polyene copolymer and 
polypropylene, respectively, the melt tension and the intrin- 
sic viscosity [nj in this olefin polymer satisfy the following 
relation: 

generally, log[MT] £3.7 log [fa)] -15; 

preferably, log[MT] E3.7 log [(n.)] -1.3; 

more preferably, log[MT] £3.7 log [fa)] -1.1; 

most preferably, log[MT] £3.7 log [fa)) -1.0. 

If the a-olefin/polyene copolymer (i) is a copolymer of 
a-olefin of 3 or more carbon atoms and polyene and the 
olefin polymer (ii) is polypropylene in the olefin polymer of ^ 
the invention, the melt tension and the intrinsic viscosity in 
this olefin polymer satisfy the following relation: 

generally, logfMT] £3.7 log [fa)] -130; 

preferably, log[MT] £3.7 log [fa)] -1.45; 

more preferably, log[MT] £3.7 log [fa)] -1.40. 

Furthermore, when the olefin polymer of the invention is 
composed of an ethylene/polyene copolymer (i) and poly- 
ethylene (ii) as described above and has a density of about 
0.92 g/cm 3 and the intrinsic viscosity fa] of 1 .8 dl/g, the melt 
tension of this olefin polymer is not less than 2.5 g, prefer- 
ably not less than 3.5 g, more preferably not less than 4.0 g, 
much more preferably not.less than 4.5 g, most preferably 
not less than 5.0 g. 

Hie melt tension can be determined in the following 
manner. 35 

Using a MT measuring machine (produced by Toyo SeiM 
Seisakusho K.K.), 7 g of a polymer is introduced into a 
cylinder having an orifice on the bottom and a piston, the 
cylinder being kept at a melting temperature of the polymer 
(polyethylene: 190° C). After 5 minutes, the piston is pushed 40 
down at a rate of 10 mm/min. to extrude a molten polymer 
in the form of strand from the cylinder through the orifice 
provided on the bottom of the cylinder. The extruded strand 
is drawn in the form of filament, and wound up at a rate of 
25 m/min. by way of a pulley of a load detector. In this stage, 45 
a stress applied to the pulley is measured. The obtained value 
is a melt tension of the polymer. 

Next, the transition metal compound catalyst component 
[A] used for preparing the above-described a-olefin/polyene 
copolymer-containing polymer [I] will be described. 50 

The transition metal compound catalyst component [A] 
used in the invention is a compound containing a transition 
metal selected from metals in Group HI to Group Vm of a 
periodic table, and preferably is a compound containing at 
least one transition metal selected from Ti.Zr.Hf.Nb, la, Cr 55 
andV. 

Examples of such transition metal compound catalyst 
component [A] include a variety of known catalyst compo- 
nents, and concretely are solid titanium catalyst components 
containing titanium and halogen. In more concrete, one 60 
example of the solid titanium catalyst components is a solid 
titanium catalyst component [A-l] containing titanium, 
magnesium and halogen, and further containing an electron 
donor (a) if necessary. . 

Processes for preparing the solid titanium catalyst com- 65 
ponent [A-l] are described in detail in the following publi- 
cations. 


That is, the processes are described, for example, in 
Japanese Patent Publications No. 46(1971)-34092 ( No. 
53(1978)-46799, No. 60(1985>3323 and No. 63(1988)- 
54289, Japanese Patent Laid-open Publications No. 
1(1989>261404 and No. 1(1989)-261407, Japanese Patent 
PubUcations No. 47(1972)-41676 f No. 47(1972)-46269 and 
No. 48(1973)- 19794, Japanese Patent Laid-open Publica- 
tions No. 60(1985)-262803, No. 59(1984)-147004 f No. 
59(1984)^149911, No. 1(1989)-201308, No. 61(1986)- 
151211, No. 53(1978)-58495, No. 53(1978)-87990, No. 
59(1984)-2Q6413, No. 58(1983)-206613, No. 58(1983)- 
125706, No. 63(1988>-68606, No. 63 (1988>69806, No. 
60(1985)-81210, No. 61(1986>40306 f No. 51(1976)- 
281189, No. 50(1975)-126590 and No. 51(1976>92885, 
Japanese Patent Publications No. 57(1982)-45244, No. 
57(1982)-26613 and No. 61(1986>5483, Japanese Patent 
Laid-open Publication No. 56(1981)-811. Japanese Patent 
Publications No. 60(1985>37804 and No. 59(1984>50246, 
Japanese Patent Laid-open Publications No. 58(1983)- 
83006, No. 48(1973)-16986, No. 49(1974)-65999 and No. 
49(1974)-86482, Japanese Patent Publications No. 
56(1981)-39767 and No. 56(198 1)-32322, and Japanese 
Patent Laid-open Publications No. 55(1980>29591, No. 
53(1978)-146292, No. 57(1982)-63310, No. 57(1982)- 
63311, No. 57(1982)-63312 > No. 62(1987)-273206, No. 
63(1988)-69804, No. 61(1986>21109, No. 63(1988)- 
264607, No. 60(1985)-23404, No. 60(1985)-44507, No. 
60(1985>158204,No. 61(1986>55104,No. 2(1990)-28201, 
No. 58(1983)-196210, No. 64(1989>54005, No. 59(1984)- 
149905, No. 61(1986>145206, No. 63(1988)-302, No. 
63(1988)-225605, No. 64(1989)-69610, No. 1(1989)- 
168707, No. 62(1987)-104810, No. 62(1987)-104811, No. 
62(1987>104812 and No. 62(1987)-104813. 

The solid titanium catalyst component [A-l] can be 
prepared by using for example a titanium compound, a 
magnesium compound and if desired an electron donor (a), 
and bringing them into contact with each other. 

Examples of the titanium compounds employable for 
preparing the solid titanium catalyst component [A-l] 
include tetravalent titanium compounds and trivalent tita- 
nium compounds. 

As the tetravalent titanium compounds, there can be 
mentioned compounds represented by the following for- 
mula: 

wherein R is a hydrocarbon group, X is a halogen atom, and 
g is a number satisfying the condition of 0£g£4. 

Concrete examples of such compounds are described 
below. 

Titanium tetrahalides such as TiCL*, TiBr 4 and T1I4 

Alkoxytitanium trihalides such as: 

Ti(OCH3)Cl 3 , 

TKOCyyCla, 

TKOn-C^JQa, 

n (OCyyBr* and 

Ti (0-iso-C 4 H 9 )Br 3 

Dialkoxytitanium dihalides such as: 

TKOCHakClj, 

TKOC^Cl* 

IKOn-C^^Clj, and 

TifOCaH^Bra 

Tri alkoxytitanium monohalides such as: 

TKOCHa^Q, 

TKOCjHj^a, 
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ABSTRACT 


A process for removing unpolymerized monomers from a 
solid .olefin polymer containing the monomers by counter-, 
currently feeding an inert purge gas through a bed of 
polymer in a cylindrical purge vessel having tapered walls 
wherein the vessel has a height to bottom diameter ratio of 
0.5:1 to 10:1 and the walls have a tapered angle based on a 
vertical axis of 0.5 to 15 degrees. An apparatus for removing 
■unpolymerized monomers from a solid olefin polymer con- 
taining the monomers which comprises, a cylindrical purge 
vessel having tapered walls wherein the vessel has a height 
to bottom diameter ratio of 0,5:1 to 10:1 and the walls have 
a tapered angle based on a vertical axis of 0 .5 to 15 degrees; 
. a solids inlet disposed in an upper portion of the vessel; a 
solids discharge disposed in a lower portion of the vessel; 
gas entry means disposed within or below a bed of solids, 
andgas discharge means disposed in the upper portion of the 
vessel. 


8 Claims, 1 Drawing Sheet 
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PROCESS FOR POST REACTOR PURGING 
OF RESIDUAL MONOMERS FROM SOLID 
POLYMER RESINS 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 

Hie present . invention relates to a process and apparatus 
for removing unpolymerized monomers from solid olefin 
polymers. Particularly, the invention relates to a process for 
removing unpolymerized hydrocarbon, monomers from a 
granular polymer of ethylene and/or propylene and one or 
more C 4 to C 8 alpha olefins. More particularly, the invention 
relates to a process for the removal of unpolymerized 
hydrocarbon monomers from "sticky polymers" such as 
ethylene propylene diene terpolymers. 
1 Description of the Prior Art 
It has long been known that olefins such as ethylene can 
be polymerized by contacting them under, polymerization. ^ 
conditions with a catalyst comprising a transition metal 
compound, e.g., titanium tetrachloride and a cocatalyst or 
activator, e.g. t an organometallic compound such a triethyl 
aluminum. Catalysts of this type are generally referred to as 
Ziegler catalysts. 25 

The resulting granular polymers produced from these 
processes usually contain residual gaseous or liquid unpo- 
lymerized monomers including hydrocarbon monomers. 
These monomers should be removed from the granular resin 
for safety reasons, since there is a danger of explosion if the M 
hydrocarbon monomer concentration becomes excessive in 
the presence of oxygen. In addition, proper disposal of the 
hydrocarbon is required in order to meet environmental 
standards concerning hydrocarbon emissions. 

The prior art teaches -techniques for removing volatile 35 
unpolymerized monomers from polymers of the correspond- 
ing monomers. See, for example, U.S. PaL Nos. 4,197,399; 
3,594,356, and 3,450,183, in which a columnar (or straight 
cylindrical) vessel is used as a purger. 

U.S. Pat No. 4,372,758, discloses' a degassing or purging « 
process for removing unpolymerized gaseous monomers 
from solid olefin polymers. Hie purging process generally 
comprises conveying the solid polymer (e.g., in granular 
form) to a column-shaped purge vessel and contacting the 
polymer in the purge vessel with a countercurrent inert gas 45 
purge stream to strip away the: monomer gases which are 
evolved from the polymer. Purging efficiency of this coun- 
tercurrent plug flow purger normally increases with the 
increase of the superficial velocity of . the. purge gas. How- 
ever, if the gas velocity exceeds the rninimum bubbling 50 
velocity (U^ of the. granular resin to be purged, the purger 
becomes a bubbling fluidized bed and there occur not only 
backmixing of purged and unpurged granular; resin but also 
bypassing of purge gas, as bubbles, through the bed without 
. having contact with the granular resin. These normally result 
in a substantially reduced purging efficiency for continuous 
- mode operation of the purger. lb avoid bubbling flow in the 
purger, therefore, the columnar purger is normally operated 
at a relatively low superficial gas velocity, below the rnini- 
mum bubbling velocity of the. resin. When the purger is 
operated at such low superficial gas velocities, however, the 
process tends to have uneven gas distribution in the purger. 
Purge gas seems to bypass through certain channels without 
. contact with the majority, of solids. This also results in a poor 
purging performance. This poor solid-gas. contact phenom- 
ena in the conventional packed bed process may be one 
reason why actual purging is, at least one order of magnitude 
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worse than theoretical predictions. 

Further* when producing certain types of ethylene poly- 
men, such as ethylene propylene diene terpolymers and 
"sticky polymers", monomers such as ethylidenenorbornene 
(ENB) remaining , in the product must be substantially 
purged from the product due to cost and environmental 
considerations. However ENB has a significantly low dif- 
fusivity as compared to other monomers. If a conventional 
columnal packed bed process is used, it would require an 
unpractically long residence time or an extra large amount 
of purge gas. It is clear that such a process is not entirely 
suitable for ENB purging. 

U.S. Pat No. 5,292,863, ameliorates this problem by 
providing a process for removing unpolymerized gaseous 
monomers from a solid olefin polymer by miliring a col- 
umn-shaped purge vessel provided "with a gas permeable, 
solids impermeable constraint means. An inert feed gas is 
fed to the purge vessel and in countercurrent contact with the 
polymer, the inert purge gas being utilized in an amount and 
at a velocity sufficient to form a fully expanded bed in the 
purge vessel. Although this process overcomes many disad- 
vantages incident to prior art techniques, it is not the 
simplest process, since the process requires the use of a gas 
permeable, solids impermeable constraint means to confine 
solids and suppress bubbling fluidizatioa 

Accordingly, there is a need for a more effective process 
and apparatus for purging solid olefin polymers. Surpris- 
ingly, the present invention is an improvement over existing 
systems because it affords greater latitude in adjusting or 
regulating the superficial gas velocity to result in more 
efficient purging in less time without the use of a gas. 
permeable, solids impermeable constraint means. The pro- 
cess and apparatus of the present invention more effectively 
provides that individual solid particles in the bed of the 
purge vessel will be swept by the purge gas and thus offer 
improved solid-gas contact 

SUMMARY OF THE INVENTION 

The present invention provides a process for removing 
unpolymerized hydrocarbon monomers from a solid olefin 
polymer which comprises: 

(a) countercurrently passing a purge gas through a bed of 
polymer in a cylindrical purge vessel having tapered 
walls wherein the vessel has a height to bottom diam- 
eter ratio of 0.5:1 to 10:1 and the walls have a tapered 
angle based on a vertical axis of 0.5 to 15 degrees; 

(b) discharging the gaseous stream containing the mono- 
mer out of the vessel; and 

(c) discharging polymer solids from the vessel. 
The present invention also provides an apparatus for 

removing unpolymerized hydrocarbon monomers from a 
solid olefin polymer containing the monomers which com- 
prises, a cyHndrical purge vessel having tapered walls, 
wherein the vessel has a height to bottom diameter ratio of 
0.5:1 to 10:1 and the walls have a tapered angle based on a 
vertical axis of 0.5 to 15 degrees; a solids inlet disposed in 
an upper portion of the vessel; a solids discharge disposed in - 
a lower portion of the vessel; gas entry means disposed 
within or below a bed of solids, and gas discharge, means 
disposed in the upper portion of the vessel. 

In a preferred aspect, the process and apparatus of the 
present invention is directed to the purging of ethylene, 
propylene diene monomer (EPDM) resin to reduce the 
amount of residual, diene monomer such as ethylidenenor- 
bornene (ENB) present in the resin. 
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BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a representation of a preferred purge vessel 
system of the present invention with certain parts broken 
away to reveal interior details. In FIG. 1, 1 is an inlet conduit 
for solid polymer entering the vessel for purging; 2 is the 
discharge end; 3 is a gas distributor plate; 4 is a plurality of 
tubes in the distributor plate; 5 is a conduit for entering 
purge gas; 6 is a discharge conduit for purged polymer resin; 
7 is a rotary valve; 8 is an inverted truncated cone shaped 
transition element; 9 is the tapered wall of the vessel; 10 is 
a cylindrical vessel having tapered walls; and 11 is a conduit 
for the exiting purge gas conveying the residual monomer. 

DETAILED DESCRIPTION OF THE 

INVENTION s 

Polymers 

The solid olefin polymers to be purged can be produced 
by a variety of well known techniques. A particularly 
preferred technique is to produce the solid olefin polymers 
by a gas phase fiuidized bed process which utilizes a fluid 20 
bed reactor such as described in U.S. Pat No. 4,482,687. 

Solid olefin polymers which can be purged using the 
process and apparatus of the present invention are preferably 
granular. They can include polyolefins or alpha olefins such 
as, for example, homopolymers of ethylene or propylene; 25 
copolymers and terpolymers of a major mole percent of 
ethylene and/or propylene as the main monomer(s) and a 

sticky polymer, as well as polyvinyl chlorides; and elas- 
tomers such as polybutadiene, EPMs, and EPDMs. The 30 
preferred ~ ^ 


vw*w*w-*. -uis description is not intended to exclude the use 
of this invention with alpha olBtefcag^ V ' " ^ ■ ^ sggaly- 
mer resins in w£i3*?2B^£s2£is not a monomer. Examples of 
sticky polymers which can be benefited by the present 
invention include ethylene/propylene rubbers and ethylene/ 
propylene/diene rubbers, polybutadiene rubbers, high eth- 
ylene content propylene/ethylene block copolymers, poly(l- 
butene) (when produced under certain reaction conditions), 
very low density (low modulus) polyethylenes, Le., ethylene 
butene rubbers or hexene containing terpolymers, ethylene/ 
propylene/ethylidene norbornene and ethylene/propylene/ 
hexadiene terpolymers of low density. 

For purposes of ease of description only, the present 
invention will be described herein with particular reference 
to EPDM terpolymers where applicable, although it is to be 
expressly understood that the invention is not to be limited 
thereby. Rather, it is the intention to be limited only by the 
scope of the claims appended hereto. The invention is 
preferably practiced with sticky polymers which have been 
rendered "non-sticky" such as by the process disclosed in 
U.S. Pat No. 4,994,534, issued Feb. 19, 1991. 

Depending upon the conditions of reaction and the par- 
ticular diene monomer, the resulting EPDM terpolymer can 55 
contain an amount of liquid and/or gaseous unpolymerized 
hydrocarbon monomers, (which may include ethylene, pro- 
pylene, and, e.g., ethylidene norbornene). The process and 
apparatus of the present invention is especially useful for 
purging higher boiling or liquid monomers such as eth- go 
ylidene norbornene. 

Environmental restrictions may prevent the direct venting 
to the atmosphere of such residual monomers and more 
importantly, health and safety considerations generally 
require that these materials be substantially removed from 65 
the solid polymer. The present invention may be employed 
to accomplish these desired objectives. 
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Operation of the Purging Process 

The process of the present invention is believed to involve 
only a physical process i.e., the monomers are only entrained 
or otherwise contained within and between the resin par- 
ticles and diffuse out into a countercurrent gas purge stream. 
The diffusion of the monomers into the purge gas occurs 
until an equilibrium is established between the monomer 
concentration in the resin and in the purge gas. A large 
difference between monomer concentrations in the resin and 
in the purge stream obviously favors a high rate of diffusion. 
In addition, the rate of diffusion is dependent to a degree 
upon the temperature and pressure within the purge vessel, 
with higher temperatures favoring higher diffusion rates and 
therefore lower residence times in the purge vessel and with 
lower pressures also favoring higher rates of diffusion. The 
rate of diffusion also depends on the resin particle size and 
particle morphology, with the rate being higher for smaller 
particle sizes. Therefore, depending upon the initial mono- 
mer concentration in the resin and the final concentration 
desired, the residence time of the resin in the purge vessel 
can be determined using known mass transfer techniques 
based on the resin temperature, particle size distribution and 
morphology, rate of flow of purge gas, the pressure in the 
purge vessel, and the size of the purge vessel. In general for 
EPDM materials, when processing a particle size of about 
0.025 inches average particle size having a temperature of 
about 60° C. and at a purge gas velocity of about 0.5 
ft/second, a residence time on the order of about three hours 
is generally preferred to reduce the monomer concentration 
to a safe and environmentally acceptable value. It is pre- 
ferred to feed to the purge vessel a purge gas which contains 
as little as possible or no hydrocarbons; Of course, economic 
considerations also affect the design of the purge vessel 
Those skilled in the art will be able to practice the present 
invention based upon the more detailed discussions con- 
tained herein, and using standard chemical engineering 
techniques. 

FIG. 1 illustrates a preferred embodiment of the process 
of the invention. Referring to HG. 1, a cylindrical purge 
vessel 10 is shown which is provided with an entry means 
such as inlet conduit 1 for a solid rwlymer (resin) which 
must be purged and which is introduced into the vessel by 
gravity. Alternatively, the resin can be introduced into the 
purge vessel using a conveying gas such as nitrogen. The 
cylindrical purge vessel has tapered walls 9. The height to 
bottom diameter ratio of the vessel is 0.5:1 to 10:1, prefer- 
ably 1.5:1 to 8:1, and most preferably is 4:1 to 7:1- The 
vessel has tapered or angled walls 9 to accommodate a bed 
of solids. The cross-sectional area of the vessel increases 
from the bottom to the top. The angle of the walls 9 is 
dependent upon the size of polymers to be purged and the 
amount of purge gas to be used. In general practices, the 
tapered angle as measured along the vertical axis of the 
vessel can range from 0.5 to 15 degrees, and preferably is 3 
to 10 degrees. 

The purge gas, preferably an inert purge gas is introduced 
into the vessel at its lower end through conduit 5 and is 
directed through a gas distributing means such as distributor 
plate 3 which serves to provide uniform purge gas distribu- 
tion. The gas distributor of choice should allow the solids to 
be discharged from the bottom of the bed and thus enable the 
solid bed to be operated in a counter-current mode. As 
shown in FIG. 1, distributor 3 is positioned at the Ibase of die 
purge vessel in communication with conduit 5 and at a point 
slightly above a transition element 8. The transition element 
has a inverted truncated conical shape and connects the 
tapered purge vessel to the rotary valve 6. As known to those 
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